In this paper, the problem of a subinterface crack in an anisotropic piezoelectric bimaterial is analyzed. A system of singular integral equations is formulated for general anisotropic piezoelectric bimaterial with kernel functions expressed in complex form. For commonly used transversely isotropic piezoelectric materials, the kernel functions are given in real forms. By considering special properties of one of the bimaterial, various real kernel functions for half-plane problems with mechanical traction-free or displacement-fixed boundary conditions combined with different electric boundary conditions are obtained. Investigations of half-plane piezoelectric solids show that, particularly for the mechanical traction-free problem, the evaluations of the mechanical stress intensity factors (electric displacement intensity factor) under mechanical loadings (electric displacement loading) for coupled mechanical and electric problems may be evaluated directly by considering the corresponding decoupled elastic (electric) problem irrespective of what electric boundary condition is applied on the boundary. However, for the piezoelectric bimaterial problem, purely elastic bimaterial analysis or purely electric bimaterial analysis is inadequate for the determination of the generalized stress intensity factors. Instead, both elastic and electric properties of the bimaterial's constants should be simultaneously taken into account for better accuracy of the generalized stress intensity factors.
Introduction
Wide applications of electromechanical and electronic devices, such as ultrasonic generators, sensors, transducers, and actuators, have motivated research in piezoelectric materials. A better understanding of the intrinsic coupling effect between mechanical and electric fields can provide information to improve the performance of the electromechanical devices. The behaviors of cracks in homogeneous piezoelectric materials have been investigated in great depth, e.g., Gao and Fan (1999) , Gao and Wang (1999) , Park and Sun (1995) , Sosa (1991) , and Pak (1990) . Cracks in inhomogeneous piezoelectric media have also been widely studied, especially for interface crack problems. The fundamental features of interface cracks have been addressed by Suo et al. (1992) and Ou and Chen (2004) . Cracks interacting with the interface between dissimilar piezoelectric materials are also attracting a lot of attention. For example, Tian and Chen (2000) investigated the interaction between a semi-infinite interface and a subinterface microcrack using the pseudo-traction electric displacement method. Beom et al. (2003) investigated a problem similar to that considered by Tian and Chen (2000) , but with different loadings prescribed on the far fields. A crack arbitrarily oriented near a perfect interface in piezoelectric bimaterials was considered by Tian and Chau (2003) . However, their formulation is not suitable for the special problem of subinterface crack in a horizontal orientation relative to the interface. In their investigations of the interactions between subinterface cracks and the interface, Tian and Chen (2002) provided some information for a subinterface horizontal crack problem, employing again the pseudo-traction electric displacement method. Besides, their attention is restricted to the investigations of the very special metal/piezoelectric bimaterial. The problem of parallel crack near the interface of magnetoelectroelastic bimaterials has been recently studied by Tian and Gabbert (2005) . All the studies mentioned above were formulated in terms of integral equations, the kernels of which are expressed generally in complex forms (see Tian and Chen, 2000; Tian and Chau, 2003) where the dependences of the kernel functions on the material constants are not further exploited. It should be noted that when the distance between the subinterface crack and the interface is small compared with the crack length and other dimensions of the problem, the behaviors of crack-interface interactions will become more intriguing. Under certain conditions, one of the crack tips may be closed so that the singular behavior for the stress will change. The correct analysis taken this into account has been done by Xiao and Fan (2001) and Xiao et al. (2000) . In the following, we will focus on the problems of cracks not so close to the interface.
In this paper, the problem of a subinterface horizontal crack in an anisotropic piezoelectric bimaterial is analyzed (see Fig. 1 ), with emphases placed firstly on the development of the real kernel functions for bimaterial (or half-plane) problem and then on the problem of whether the coupled mechanical and electric bimaterial (or half-plane) problem may be analyzed by the corresponding decoupled elastic and dielectric bimaterial (or half-plane) problem. To proceed, the subinterface crack problem is formulated in terms of a system of singular integral equations with the unknown generalized dislocation densities defined on the crack faces. The kernel functions developed are in complex form for general anisotropic piezoelectric bimaterial. For commonly used transversely isotropic piezoelectric bimaterials, the kernel functions are given in real forms, as mentioned above. The real kernel functions are decoupled into those kernel functions for elastic bimaterial and electric bimaterial, respectively, when the piezoelectric-stress effects disappear. The kernel functions for the elastic bimaterial problem recover those developed by Sung and Liou (1995b) . Moreover, by considering certain special properties of one of the bimaterial, for example the upper un-cracked material, the real kernel functions for half-plane problems with various combinations of mechanical (either traction-free or displacement-fixed) and electric boundary conditions (electric-open, electric-closed, or electric-flux-continuous) are obtained. Analyses show that for half-plane problems with various electric boundary conditions, particularly for mechanical traction-free problem, the evaluations of the mechanical stress intensity factors (electric displacement intensity factor) under mechanical loadings (electric displacement loading) for coupled mechanical and electric problems may be evaluated directly by considering the corresponding decoupled elastic (electric) problem irrespective of what electric boundary is applied on the boundary. This was also observed by Yang et al. (2007) , but for tractionfree and electric-open boundary conditions only. For the piezoelectric bimaterial problem, however, investigations show that purely elastic bimaterial analysis or purely electric bimaterial analysis is inadequate for the determination of the generalized stress intensity factors. Instead, both elastic and electric properties of the bimaterial's constants should be taken into account for better accuracy of the generalized stress intensity factors.
Generalized Stroh formalism
In a rectangular coordinate system x i (i = 1, 2, 3), the basic equations for a linear piezoelectric material (Suo et al., 1992; Ting, 1996) where r ij , e kl , D i and E k are the stresses, the strains, electric displacements and the electric field respectively. u i (i = 1, 2, 3) and u 4 are the elastic displacements and electric potential, respectively. c ijkl , e kij , and a ik are the elastic stiffness, piezoelectricstress, and dielectric constants, respectively. Furthermore, these material constants satisfy the following symmetric relationship: where the superscript T indicates transposition and f a (z a ), (a = 1, 2, 3, 4) are arbitrary analytic functions of z a . Column vectors of matrix A, i.e., a a (a = 1, 2, 3, 4) and p a (a = 1, 2, 3, 4), are determined using the following eigenrelation:
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Note that matrices Q, R, and T are all 4 Â 4 and the assumption of the positive definite for the materials leads to the symmetric and non-singular properties for matrices Q and T. Matrix B in Eq. (2.7) is related to matrix A in the following relationship: 
Formulation of the problem
The problem considered is shown in Fig. 1 . A half-plane anisotropic piezoelectric material (called material 2 or lower material) is bonded perfectly along the interface to another half-plane anisotropic piezoelectric material (called material 1 or upper material). A subinterface crack of length 2c is situated in material 2 with a distance d from the interface. The crack faces are subjected to prescribed loads, either mechanical or electric. Following the suggestions of Wang and Mai (2004) and Ueda (2007) , the electric impermeable boundary conditions on the crack faces are assumed in our analysis. It is well known that this problem can be formulated in terms of a system of singular integral equations where the unknown functions in the equations are the densities of the generalized dislocations distributed on the crack faces. The kernels of the equations are related to the fundamental solutions due to a generalized dislocation with the generalized Burgers vector Here and in what follows, the superscripts (1) and (2) denote material 1 and 2, respectively. L (j) and S
(j = 1, 2) are the generalized Barnett-Lothe tensors (Ting, 1996) For single values of generalized displacements around a closed contour surrounding the whole crack, the following auxiliary condition has to be satisfied:
The coupled singular integral equations for the generalized dislocation densities in Eq. (3.11) combined with Eq. (3.14) can be solved numerically. Once the generalized dislocation densities have been found, the generalized stress intensity factors at the crack tips, i.e., the three stress intensity factors k I , k II , and k III and the electric displacement intensity factor k D , can be extracted directly. For example, for the crack-tip at n = c, the generalized stress intensity factors are given by (Sung and Liou, 1995a) k For general anisotropic piezoelectric materials, the determination of the generalized dislocation density v(t) involves the evaluation of matrices F and B (2) since both matrices appear in the kernel functions, as shown in Eq. (3.12). The effects of the piezoelectric material properties on the kernel functions are mostly contained in matrices F and B
, therefore, it is of interest to express matrices F and B (2) explicitly in terms of material constants. Note that the influence of all the upper material's constants on the behavior of the subinterface crack embedded in the lower material is completely through matrix F. Since matrix B
and the three Barnett-Lothe tensors, two of which are related to the determination of matrix F, have been expressed explicitly in terms of material constants by Liou and Sung (2007) for monoclinic piezoelectric materials, the kernel functions originally expressed in complex form for general anisotropic piezoelectric materials may then be expressed in real form for monoclinic piezoelectric materials using their results. In the next section, however, only the results for transversely isotropic piezoelectric materials are presented. We show that the obtained real kernel functions are even valid for degenerated isotropic materials which are not applicable if the kernel functions are expressed in complex form, as in Eq. (3.12). This is because matrix B (2) is singular for degenerated isotropic materials.
Explicit real kernel functions
As mentioned in the previous section, for general anisotropic piezoelectric materials, the kernel functions are related to matrices F and B
(2) , both of which are completely determined by the material constants. The explicit forms of matrices Fand B (2) may be expressed in terms of elastic stiffness . In this section, we briefly outline the required results for the development of the explicit form of the kernel functions for transversely isotropic piezoelectric materials. For transversely isotropic piezoelectric materials with the x 2 -axis parallel to the poling direction, the constitutive equations (Eq. where c 55 = (c 11 À c 13 )/2. It is noted that the roots p a (a = 1, 2, 3, 4) corresponding to jWj = 0 for transversely isotropic piezoelectric materials can be classified into two types (Suo et al., 1992) . The type I roots
are all purely imaginary. Of the type II roots
two (p 3 and p 4 ) are purely imaginary and the other two (p 1 and p 2 ) have non-zero real parts but with equal imaginary parts. Since the anti-plane mechanical deformation is entirely decoupled from both in-plane mechanical deformation and the electric field for transversely isotropic piezoelectric materials, we ignore the anti-plane mechanical deformation hereafter. With this consideration in mind, the sizes of matrices M (j) (j = 1, 2), F, and B
(j = 1, 2) all become 3 Â 3 and the roots p (j = 1, 2) can be constructed as ab (a, b = 1, 2, 3). For some special bimaterials discussed below, however, elements of F will be given explicitly for the purpose of discussion. Let us first consider kernel functions for which the properties of the lower material belong to type I roots. For type I roots, the elements of k The expressions of the real part and imaginary part of the elements of the functions Z b are also needed since Z b appears in the kernel functions in Eq. (3.12). They are expressed as follows: 
expressed as above, and with the real part r ab and imaginary part q ab of the elements of the functions Z b for type II roots given below
ð4:15Þ the real kernel functions for lower material whose roots belong to the type II are obtained as 
Kernel functions for special upper materials
The real kernel functions developed above are for a piezoelectric material occupying the lower half-plane region jointed to another piezoelectric material occupying the upper half-plane region. Kernel functions expressed in general forms may be simplified if the special material in either the upper or lower half-plane is considered. For example, there are mathematically eight possible cases to be considered for the upper material (see the chart drawn below). Among these cases, however, only five meaningful cases, denoted by capital letters from A to E, are discussed in what follows.
Similarly, there are five cases for the lower half-plane material. In this subsection, we discuss the kernel functions corresponding to the special bimaterials composed of a lower half-plane material, with its property always remaining in case A, i.e., c (2) 6 ¼ 0, a (2) 6 ¼ 0 and e (2) 6 ¼ 0 jointed to an upper half-plane material, with its property varying from case A to case E.
Therefore, there are five bimaterials to be discussed below, i.e., (A-A), (A-B), (A-C), (A-D), (A-E), each one with its own special constituent. It should be emphasized again that for all these five bimaterials, the entering of the upper half-plane material's properties into the kernel functions is only through matrix F, as can be seen from Eq. (3.6). Therefore the whole structure of the kernel functions corresponding to these five bimaterials is not altered except that the contents of matrix F will take different values for the different cases assumed for the upper material (i.e., cases A-E). The different contents of matrix F for these five bimaterials are discussed below.
(I) Bimaterial (A-A): a lower piezoelectric material jointed to an upper piezoelectric material with c
This is the general case discussed above, where matrix F is given by Eq. (4.8). into Eq. (3.6), matrix F corresponding to this kind of bimaterial (A-B) can be computed. It is found that the same full matrix as that given in Eq. (4.8) is obtained, but now with different contents for the elements of F.
(III) Bimaterial (A-C): a lower piezoelectric material jointed to an upper elastic material with c
(1) 6 ¼ 0, a
(1) = 0 and e (1) = 0.
Matrix F corresponding to this kind of bimaterial can be obtained from the previous results for bimaterial (A-B) by further letting a
(1) = 0. The elements of F are as follows: 
12 Þ 2 = b F ; in Eq. (4.18) for bimaterial (A-B) in terms of Krenk's parameters (Krenk, 1979; Sung and Liou, 1995a) , which are as follows: 
, j
,m Note that the mechanical boundary condition with b E ð1Þ ¼ 0 corresponds to the traction-free condition. Therefore, matrix F in Eq. (4.21) corresponds to the problem with traction-free and electric-flux continuous specified on the boundary.
Two extreme electrical boundary conditions may be considered from Eq. (4.21). First, by taking a ð4:22Þ
Another consideration of a
22 ! 1 in Eq. (4.21) will lead to the electric-closed condition on the boundary, where the corresponding F is given by Letting b E ð1Þ ! 1 instead of letting b E ð1Þ ¼ 0 as done above, the problem of displacement-fixed and electric-flux-continuous specified on the boundary is obtained. The elements of F corresponding to this problem are as follows: Two extreme electrical boundary conditions may also be considered from Eq. (4.24). One is taking a
22 ¼ 0 in the above equation. We get matrix F for the problem with displacement-fixed and electric-flux free on the boundary where elements of F are This case is exactly the same as that discussed in Eq. (4.22), i.e., bimaterial (A-E) which corresponds to the half-plane problem with traction-free and electric-flux free conditions specified on the boundary, where matrix F is a 3 Â 3 unit matrix. Note that the kernel functions corresponding to bimaterial (A-E) have been addressed by Yang et al. (2007) .
Kernel functions for special lower materials
In the previous subsection, all the discussions are based on the assumption that the condition c (2) 6 ¼ 0, a (2) 6 ¼ 0 and e (2) 6 ¼ 0, classified as case A, always holds for the lower half-plane material. Similar to the discussions made above, we may develop the special kernel functions if the lower material belongs to other cases, i.e., when the lower material varies from case B to case E. We will not repeat all the discussions for all possible cases for the bimaterials. Instead, we consider the case when the lower and upper materials both belong to case B, i.e., we further discuss the kernel functions corresponding to the bimaterial (B-B), which is the bimaterial composed by an elastic-electric decoupled material jointed to another elastic-electric decoupled material. Since the mechanical and electric coupling effect vanishes for both upper and lower materials, the original coupled problem is reduced to two separate purely anisotropic elastic bimaterial and purely electric bimaterial problems. The kernel functions for this bimaterial (B-B) may be obtained from the bimaterial (A-B) discussed above by further letting e (2) = 0 for the lower material. Note that the condition of the piezoelectric-stress constants e (2) = 0 for the lower material implies that matrix B (4.27 ) is the term related to the purely electric bimaterial response which is not available from purely elastic bimaterial analysis, as made earlier by Sung and Liou (1995b) . Now with matrix B
(j = 1, 2) both expressed in the form as in Eq. (4.17) and with matrix F discussed above, the kernel functions for the mechanical and electric decoupled problem become Although detailed expressions of the elements of K(n, t) are not given here, it can be shown that, with some algebraic manipulations, the elastic part of the kernel functions in Eq. (4.31), for both type I and type II roots (i = I, II), do indeed recover those presented by Sung and Liou (1995b) . The present analyses, however, have the benefits that the kernel functions corresponding to the purely electric bimaterial problems are produced simultaneously without extra effort. Note that the kernel functions for the degenerated isotropic bimaterial problems are embedded in the results given in Eq. (4.31). The part corresponding to the elastic isotropic bimaterial has been addressed by Sung and Liou (1995b) . Here, we give the kernel functions for the part of the electric isotropic biomaterial, which is 
Results and discussions
In the previous section, it has been shown that by considering certain properties of the upper material, the kernel functions for a horizontal crack embedded in a lower half-plane piezoelectric solid can be obtained. The mechanical boundary conditions on the half-plane boundary may be either traction-free or displacement-fixed. The electric boundary conditions specified on the boundary may be electrical-flux continuous (e.g. take air as the upper material), electrical-open, or electric- closed. Therefore, to see the effect of the electric boundary conditions, the developed kernel functions are used to investigate half-plane problems with either the mechanical traction-free condition or mechanical displacement-fixed condition. The bimaterial subinterface crack problems are then analyzed where the kernel functions in equations Eq. (3.11) are used. Combined with the auxiliary condition specified in Eq. (3.14), the system of singular integral equations is solved numerically for all problems discussed below using a method suggested by Gerasoulis (1982) . This method uses piecewise quadratic poly- Table 6 Normalized generalized stress intensity factors for the half-plane displacement-fixed problem with various electric boundary conditions subjected to uniform electric displacement loading (a Sung and Liou (1995c) . Readers interested in the detailed numerical procedures may refer to that paper. In our numerical investigations, the crack depth from the interface, i.e., d/c, is started from 0.1 and then increases with increment 0.05 until d/c is up to 4.0.
Half-plane with traction-free combined with various electric boundary conditions
Results for the half-plane with the mechanical traction-free condition combined with three different electric boundary conditions under uniform pressure, shear, and electric displacement loadings, respectively, are presented in Tables 1-3. Note that the case of the electric-open boundary condition has been studied by Yang et al. (2007) .
(I) Under mechanical loadings: Let's consider the results listed in Tables 1 and 2 which are the cases under mechanical loadings. It can be observed that under mechanical loadings, the normalized mechanical stress intensity factors k Ã I and k Ã II for three different electric boundary conditions are very close to each other (see the data without parentheses). This implies that the effect of the type of the electric condition specified on the straight boundary is insignificant for the mechanical stress intensity factors when mechanical loadings are applied. Moreover, it is found that all the coupled mechanical-electric results are also very close to the results (data enclosed in parentheses) obtained using purely elastic analyses. Although present investigations are carried out only for the horizontal crack problem, a more general problem with cracks oriented arbitrarily studied by Yang (2008) does show that the observations made above are valid for problems with an arbitrary crack orientation. Note that the observations made above were also observed previously by Yang et al. (2007) , but their results were only for the case of the electric-open problem with the crack's orientation embedded in the half-plane arbitrarily. In conclusion, present investigations show that the conclusions made by Yang et al. (2007) for the traction-free and electric-open case are still valid for other electric conditions specified on the boundary. Therefore we may strengthen their conclusion to state that the evaluations of the mechanical stress intensity factors under mechanical loadings for coupled mechanical and problem, the existence of the electric-mechanical coupling coefficients, i.e., e kij and the electric boundary conditions both have little influence on the mechanical stress intensity factors under mechanical loadings. Now let's consider the direct piezoelectric effect, i.e, consider k Ã D induced by mechanical loadings. Contrary to the phenomenon just mentioned for mechanical stress intensity factors, the types of the electric conditions specified on the straight boundary, especially for the electric-closed case, do have some effect on the electric displacement intensity factor when mechanical loadings are applied, as can be observed in Tables 1 and 2. (II) Under electric displacement loading: Table 3 shows the results when crack faces are subjected to electric displacement loading. Let's discuss the results for k Ã D first. It can be seen that for each electric boundary condition, the result obtained is close to the data enclosed in parentheses (obtained using purely electric analyses) if the same electric boundary condition is enforced. This implies that electric responses of piezoelectric materials induced by electric loading may be evaluated by considering the corresponding decoupled (i.e., by letting e kij 0) electric problem with the same electric boundary applied on the boundary, a fact also observed by Yang et al. (2007) Table 3 show that the effect of electric displacement loading on mechanical stress intensity factors is insignificant, especially for the case of the electric-closed condition.
Half-plane with displacement-fixed combined with various electric boundary conditions
As discussed in the previous section, taking the elastic stiffness of the upper material to be a very large value allows the kernel functions for the problem of a half-plane with a mechanical displacement-fixed boundary to be obtained. Similar to the above discussions, three electric conditions may be enforced on the boundary. The results are shown in Tables  4-6 .
(I) Under mechanical loadings: Tables 4 and 5 show the results for normalized mechanical stress intensity factors k Ã I and k Ã II induced by mechanical loadings for various electric boundary conditions. Comparing the results for the coupled condition with those for the decoupled case, almost the same conclusions made above for mechanical tractionfree may be carried over to the mechanical displacement-fixed problem, i.e., the evaluations of the mechanical stress intensity factors under mechanical loadings for coupled mechanical and electric problems may be evaluated directly by considering the corresponding decoupled (i.e., by letting e kij 0) elastic problem irrespective of what electric boundary is applied on the boundary. However, the responses of k Ã I when d/c is small are slightly different under the electric-free condition and under applied shear loading. As to the k Ã D induced by mechanical loadings (i.e., direct piezoelectric effect) for displacement-fixed problems, it is found again that the type of electric conditions specified on the straight boundary do have some effect on the electric displacement intensity factor, as can be observed in Tables 4  and 5 .
(II) Under electric displacement loading: Table 6 shows the results when crack faces are subjected to electric displacement loading. Let's again discuss the results for k Ã D first. It can also be seen that for each electric boundary condition, the result obtained is close to the data enclosed in parentheses (i.e., obtained using purely electric analyses) if the same electric boundary condition is enforced. Therefore, the conclusion for the traction-free problem made above for k Ã D induced by electric loading is still valid for the present case. As to the normalized mechanical stress intensity factors k Ã I and k Ã II induced by electric displacement loading, i.e, the inverse piezoelectric effect, all small data for k Ã I and k Ã II shown in Table 6 show again that the effect of electric displacement loading on mechanical stress intensity factors is insignificant, especially for the case of the electric-closed condition.
Piezoelectric bi-material problem
The validity of the decoupled purely elastic or purely electric analysis for piezoelectric half-plane problems with various electric conditions specified on the straight surface were addressed above. In this subsection, we consider a piezoelectric bimaterial composed of PZT-4 (arranged as the upper material or material 1) and PZT-6B (arranged as the lower material or material 2). As mentioned before, all the elastic and electric properties of the upper material affecting the behavior of the subinterface crack located in the lower material are in the matrix F. To see whether or not the piezoelectric subinterface crack problem can be analyzed using the purely elastic bimaterial when mechanical stress intensity factors are concerned, or analyzed using the purely electric bimaterial when electric displacement intensity factor is concerned, the results of coupled and decoupled bimaterial problems are plotted in Fig. 2a-c , Fig. 3a -c, and Fig. 4a -c under uniform pressure, shear, and electric displacement loading, respectively. It can be observed that there is a discrepancy between the coupled and decoupled results for the normalized mechanical stress intensity factors k Ã I and k Ã II under mechanical loadings, as shown in Fig. 2(a and b) and Fig. 3(a and b) . A discrepancy between the coupled and decoupled results for the normalized electric displacement intensity factor k Ã D under electric displacement loading is also found in Fig. 4c . Therefore, the analyses of the purely elastic bimaterial for the normalized mechanical stress intensity factors or the analysis of the purely electric bimaterial for the normalized electric displacement intensity factor is inadequate for piezoelectric bimaterial problems. The inadequateness can be seen with the error defined by
where the percentage of error for the half-plane traction-free problem and for the piezoelectric bimaterial problem are shown in Tables 7-9 for d/c = 0.4. From these tables, we may conclude that for the effect of the bimaterial's constants on the subinterface crack, both elastic and electric properties should be taken into account for better accuracy of the generalized stress intensity factors. Note finally that this conclusion is also observed for many other piezoelectric bimaterials with different combinations, e.g., PZT-4/ PZT-5, PZT-4 /PZT-7, and PZT-4/BaTiO, although the results are not shown here (Yang, 2008) .
Conclusions
The problem of a subinterface crack in an anisotropic piezoelectric bimaterial is formulated in terms of a system of singular integral equations for general anisotropic piezoelectric bimaterial. The kernel functions given in complex form for gen- Table 7 Error of mechanical stress intensity factors computed using the coupled or decoupled (purely elastic) assumption for both half-plane and bimaterial problems with eral anisotropic piezoelectric bimaterial are developed in real forms for transversely isotropic piezoelectric bimaterial. The real kernel functions are decoupled into those for elastic bimaterial and electric bimaterial, respectively, when the piezoelectric-stress effects disappear. By considering certain special properties of one of the bimaterial, various real kernel functions are obtained for half-plane problems with various boundary conditions enforced for mechanical and electric fields. Investigations of a half-plane with various electric boundary conditions show that, particularly for mechanical traction-free halfplane problem, the evaluations of the mechanical stress intensity factors (electric displacement intensity factor) under mechanical loadings (electric displacement loading) for coupled mechanical and electric problems may be evaluated directly by considering the corresponding decoupled elastic (electric) problem irrespective of what electric boundary is applied on the boundary. However, for piezoelectric bimaterial, purely elastic bimaterial analysis or purely electric bimaterial analysis is inadequate for the determination of the generalized stress intensity factors. Instead, for better accuracy of the generalized stress intensity factors, both elastic and electric properties of the bimaterial's constants should be simultaneously taken into account. where V ij (i, j = 1, 2, 3) are the elements of matrix V with the explicit expressions shown below 
Appendix
V ¼ 1 þ kð2Þ
